1. The leaf tannin of willow-herb [Chamaenerion anguatifolium (L.) Scop.] has been isolated and separated into two fractions of differing solubility. 2. The tannin contains a penta-O-galloyl-fl-D-glucose core to which further galloyl groups are depsidically bound. 3. The unfractionated tannin contains an average of 10-5 galloyl groups/glucose molecule; the soluble fraction has on average 7-6 galloyl groups/glucose molecule and the less soluble fraction has 12-4. 4. The tannin is a mixture of molecules ranging at least from hepta-to trideca-galloyl-fl-D-glucose. 5. The tannin forms complexes with proteins and the fact that it is a hydrolysable gallotannin has a bearing on the release ofnitrogen from the protein ofthe dead leaf.
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It has been suggested (Handley, 1954 (Handley, , 1961 that when the leaves of many plants die the residual proteins form complexes with protein-precipitating substances, which may be tannins, present in the leaves. It is considered that the formation of such complexes will render the protein resistant to decomposition when the dead leaf reaches the soil. The resistance to decomposition appears to be such that under some conditions, e.g. in base-deficient soils, the leaves, and especially the protein complex contained in them, remain for many years as a largely undecomposed layer of organic material on the surface of the mineral soil. Such conditions are generally associated with markedly sub-optimum supplies of mineral nitrogen for plant growth.
There are, however, some species of plants whose dead leaves contain protein complexes that do not seem to give rise to organic layers on the surface of base-poormineralsoils. Willow-herb(Chamaenerion angUstifoliUM) is an example of such a plant. The leaves of this plant contain substances that yield precipitates with gelatin solution and an intense blue-black colour with solutions of ferric salts.
It has also been observed (Handley, 1961 ) that the protein-precipitating materials from the leaves of different plant species form complexes with protein that apparently vary in their resistance to decomposition and in the provision of mineral nitrogen for plant growth. The investigations of Gustavson (1956) suggest that collagen tanned with hydrolysable tannins is less resistant to the action of trypsin than collagen tanned with condensed tannins. Comparative tests (Handley, 1961) on aqueous extracts of fresh leaves of Calluna vulgari8, Circaea lutetiana and Chamaenerion anguatifolium suggested that Calluna leaves may contain condensed tannin whereas those of Circaea and Chamaenerion may contain hydrolysable tannins. Brief chemical examination of the protein-precipitating constituents from the leaves of these species (Brown, Love & Handley, 1962) has confirmed this.
Hydrolysable tannins of known structure consist of a polyhydric alcohol esterified with gallic acid or derivatives of gallic acid. The work of Haworth and his collaborators (Haworth, 1961) has shown that a subdivision of the gallotannins can be made on the basis of the esterified core present, e.g. Chinese, Sicilian-sumach and Stagshorn-sumach tannins (Armitage et al. 1961 ) have a penta-O-galloyl-,B-D-glucose core further esterified with gallic acid, whereas Turkish tannin (Armnitage, Haslam, Haworth & Searle, 1962 ) has a mixture of 3,4,6-and 2,3,6-tri-0-galloyl-p-D-glucose as its core and Tara tannin (Haslam, Haworth & Keen, 1962 ) has a core of 3,4,5-tri-O-galloylquinic acid. In the present paper we describe investigations on the structure of the hydrolysable tannin isolated from Chamaenerion angu8tifolium. EXPERIMENTAL Paper chromatography. Whatman no. 4 paper was used and chromatograms were developed at 25 + 20.
(a) Phenols were chromatographed in two dimensions with solvent systems composed of (i) 2% (v/v) acetic acid and (ii) butan-l-ol-acetic acid-water (4:1:5, by vol., supernatant layer). Phenols were revealed with a spray composed of FeCl3 and K3Fe(CN)6 (Kirby, Knowles & White, 1953) .
(b) Carbohydrates were chromatographed with the solvent system (ii) above and detected by sprays of AgNO3 (Trevelyan, Procter & Harrison, 1950) or aniline hydrogen phthalate (Gordon, Thornberg & Werum, 1956 ).
(c) Methylated phenolic acids were chromatographed two-dimensionally in solvent systems (i) and (ii) above. Phenols with a free para-position were detected by spraying with 0.1% 2,6-dibromobenzoquinone 4-chloroimide in methanol (Gibbs reagent), followed by NaHCO3 solution.
Extraction of willow-herb tannin. Leaves (1kg.) of willow-herb (Chamaenerion angu8tifolium), collected in October, were kept in the dark under water-acetone (7:3, v/v) (21.) Both fractions resembled the unfractionated tannin in their behaviour on chromatography.
Determination of glucose in willow-herb tannin. A typical run was as follows. Tannin (10mg.) in aq. 05w-NaOH (5ml.) was maintained at 400 for 24hr. The solution was then acidified with dilute HCI and passed down an Amberlite IRA-400 ion-exchange column (30cm.x 1-5cm.) with distilled water as eluent. Fractions (5 ml.) were collected and each fraction was treated with a 0.2% solution of anthrone in AnalaR conc. H2SO4 (10Oml.). The mixtures were stirred with a glass rod and after 20 min. the £620 values were measured. Standard glucose solutions of concentrations both above and below those expected for the tannin fractions were treated in the same way. From these a calibration curve was established from which the glucose concentrations in the fractions could be determined. The sum of these was taken as the glucose content of the tannin (usually glucose was only found in the first two or three fractions). Results are shown in Table 1 .
Determination of gallic acid in willow-herb tannin. (a) By measurement of E270. Tannin (30mg.) was hydrolysed at room temperature with aq. 0 5N-NaOH in an atmosphere of N2 for 48hr. The hydrolysate was diluted to lOOml. and samples of this solution were diluted suitably in acid and the E270 values measured. Results are shown in Table 1 .
(b) By titration. A standard neutralization curve was established by titrating a mixture of gallic acid (53.0mg.) and 0-1N-HC1 (lml.) with aq. 0-02n-KOH. Neutralization was followed with the aid of a pH-meter (glass electrode) and an atmosphere of N2 was used in this and all subsequent titrations. No distinction between the mineral and organic acid was attempted, but the end point for both the acid groups was found to be at pH 6-85 and the end point for the titration of the first phenolic group was found to be at pH 10 15. A typical determination of the gallic acid content of the tannin was as follows: tannin (82.75mg.) was treated with 0.441 N-KOH (2-50ml.). The mixture was kept at room temperature in an atmosphere of N2 for 2-3 days and then the pH was adjusted to 6-85 with an autotitrator and the acid consumed recorded. After being corrected for the volume of acid consumed by the alkali, the titres were compared with those obtained from a similar weight of gallic acid treated similarly, whence the weight of gallic acid liberated from the known weight of tannin was found.
Results are shown in Table 1 and continual extraction with ethyl acetate gave an oily solid that when analysed by paper chromatography in solvent systems (i) and (ii) revealed the pattern shown in Table 2 . Interruption of the methanolysis after 2 days and isolation of the products as above gave the chromatographic pattern shown in Table 2 . Spots were identified by comparison with authentic samples of the compounds named.
Methylation and 8ubsequent hydrolysis of willow-herb tannin. Unfractionated willow-herb tannin (2-0g.) was methylated in acetone (250ml.) with an excess of ethereal diazomethane. After 24hr. at room temperature, the solvents were removed at 30°and the process was twice repeated to yield an oil that was dissolved in 12% (w/v) KOH in methanol (80ml.). After 48hr. at 00, the solution was neutralized with dilute HCI and the KCI removed by filtration. The filtrate was evaporated to dryness at 300 to give a foam that was dissolved in 2% (v/v) acetic acid, applied to a Sephadex G-25 column (60cm. x 3-5 cm.) and eluted with water. Fractions (10ml.) were collected and analysed by measurement of £300. Combination and concentration of appropriate fractions reduced the eluate to three fractions. Fraction 1 crystallized from water to give 3,4,5-tri-0-methylgallic acid (290mg.), m.p. and mixed m.p. 168-170°. Fraction 2 gave an oily solid (730mg.), which was a mixture of 3,4,5-tri-0-'methylgallic acid and 3,4-di-0-methylgallic acid, since paper chromatography in solvent system (i) showed 3,4-di-0-methylgallic acid to be the only phenolic component in the mixture. Further, the fraction gave a negative test for o-dihydroxy groups with aq. ammonium molybdate (Quastel, 1931) and a negative test for p-hydroxy groups with Gibbs reagent. The percentage of free phenol in the mixture was determined with Folin's reagent according to the method of Swain & Hillis (1959) and found to be 65%. 
RESULTS AND DISCUSSION
The tannin from leaves ofwillow-herb was isolated by the method ofBrown & Love (1961) by extraction with aqueous acetone. After dialysis ofthe resulting salt-tannin mixture against distilled water, the aqueous solution was freeze-dried, when the tannin was obtained as a greyish-brown powder. During freeze-drying, two fractions (A and B) of the tannin were isolated. Fractionation resulted from solubility differences, a quantity of material having separated from solution during dialysis; as shown below, these differences between the fractions represent molecular-weight differences resulting from differences in the number of depsidically linked galloyl groups on the same galloylglucose core. Elementary analysis showed the tannin to be free of nitrogen (no protein) and chlorine (no salt) and to contain no incombustible residue. Paper chromatography showed the tannin to be free of low-molecular-weight phenols and to be free of uncombined saccharides. On two-dimensional chromatography, the tannin ran as a streak in solvent system (i), but was immobile in solvent system (ii); this indicates that the tannin may be a mixture of molecules of quite widely varying molecular weights and contrasts with the large but discrete spots found on chromatography of several gallotannins (Haworth, 1961) . The tannin is removed completely from aqueous solution by gelatin or by hide powder and can be partially regenerated from its gelatin complex by treatment with aqueous acetone.
The tannin was free of flavanoids (negative vanilhin reaction) and hence was more likely to be of the hydrolysable than of the condensed type. (Armitage et al. 1961 ). The gallic acid content ofthe tanninwas determined, after alkaline hydrolysis, by measurement of E270 [(a), Table 1 ] and by titration of the galic acid liberated on alkaline hydrolysis [(b), Table 1 ], and the glucose was estimated after removal of the gallic acid on a column ofAmberlite IRA-400 by the method in which anthrone is used (Park & Johnson, 1949) or the glucose content was calculated from the optical rotation of the tannin by use of the relationship discussed below.
The amounts of glucose and galic acid, which relate to the amounts of each substance liberated on hydrolysis, suggested that the unfractionated tannin had a structure containing an average of 10-4 galloyl groups/glucose molecule, that the more soluble fraction (A) contained an average of 7-6 galloyl groups/glucose molecule, and that the less soluble fraction (B) contained an average of 12*4 galloyl groups/glucose molecule, a value considerably greater than that for the more soluble fraction or for the gallotannins investigated by Armitage et al. (1961) . This range of molecular weights, resulting from structures containing 7 or less galloyl groups/glucose molecule to those containing 13 or more, accounts for the behaviour of the tannin on paper chromatography and contrasts with the large but discrete spot found, for example, for Chinese tannin, which probably contains structures ranging less widely from penta-to octa-galloyl-Dglucose (E. Haslam, personal communication) .
It was considered important to show that, despite the analytical differences, the two tannin fractions of differing solubility contained essentially the same type of molecule. It was with this object in mind that a general method for identification of the core of hydrolysable tannins was established by correlating the optical rotations of known galloylglucoses and gallotannins with their glucose contents (Brown & Brown, 1965) The arrangement of galloyl groups in the tannin was further elucidated by alkaline hydrolysis of the methylated tannin, which yielded only 3,4-di-Omethyl-and 3,4,5-tri-O-methyl-gallic acid, both of which were isolated and identified, showing that only depsidically meta-linked galloyl groups (e.g. III and IV) could be present, as in the gallotannmins investigated by Armitage et al. (1961) . The molecular ratio (1.1 of di-to 1-0 of tri-methyl) of these two methylated acids indicated that the unfractionated tannin contained an average of 10-6 galloyl groups/glucose molecule. It was hoped to obtain further evidence of the extent of the depside linkages between gallic acid residues in the tannin by methanolysis under the conditions described by Armitage et al. (1961) . However, this did not prove to be as successful as had been hoped, for after the tannin had been boiled in aqueous methanol at pH6-0 under an atmosphere of nitrogen for 5 days a considerable amount of tannin was unchanged (see Table 2 ). When the methanolysis was interrupted after 2 days, methyl m-digallate was detected by paper chromatography (Table 2) , indicating the presence of at least a trigalloyl chain (IV) in some of the gallotannin molecules.
The average composition of willow-herb tannin has been determined by three independent methods, leading to the following concordant values for the number of galloyl groups/glucose molecule: 10-4 
galloyl groups, are present. The two tannin fractions from willow-herb differ markedly from the polygalloyl esters of D-glucose studied by Armnitage et al. (1961 Armnitage et al. ( , 1962 in their paper-chromatographic behaviour and in their reluctance to undergo solvolysis with methanol at pH6-0. The reasons for these differences are probably to be found in part in the greater molecular weights and in the greater spread of molecular weights of the polygalloylglucoses in willow-herb tannin. In particular, the differences in ease of methanolysis may point to differences in the distribution of polygalloyl groups on the glucose molecule, about which further evidence is required before any conciflusnio can hA drawn.
The finding that leaves of willow-herb contain a hydrolysable gallotannin confirms the suggestion made by Handley (1954 Handley ( , 1961 , who examined the leaf tannin-protein complexes of several species to determine the relative ease with which they are decomposed in biological systems. Handley (1954) found that the complex formed from gelatin and extractives from fresh leaves of common heather (Calluna vulgari8) was solubilized more slowly by fungi than the complex formed from gelatin and extractives from fresh leaves of willow-herb. Subsequently Handley (1961) showed that the nitrogen absorbed by birch seedlings grown in sand culture was greater when the willow-herb-tannincasein complex was the source ofnitrogen than when the source was the Calluna-tannin-casein complex.
The establishment of willow-herb tannin as a gallotannin provides a possible explanation for this in chemical terms, since this tannin will be readily broken down by esterases of various types, in contrast with the condensed tannin of Calluna vulgari8, which contains no simple ester links susceptible to ready hydrolysis (Brown & Love, 
